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(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively provide a highly reliable 
piezoelectric element formed by hydrothermal synthesis. 
SOLUTION: A substrate 30 carrying a protective layer 31 containing at 
least palladium on its installed surface on which a piezoelectric element 
40 which is deformably constituted by impressing an electric field is 
formed is used. Since a palladium-containing metal has a resistance to 
the alkaline solution used for hydrothermal synthesis and an adhesive 
property to the main body of the substrate 30, the metal does not peels 
from the substrate 30. It is preferable to adjust the thickness of the 
protective layer 31 to >400 nm and the palladium content of the layer 31 
to 30-1 00 wt.%. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The piezo-electric-crystal element characterized by forming the protective layer which contains 
palladium at least in the instaUarion side which forms a piezo-electric-crystal element in the piezo- 
electric-crystal element constituted possible [ deformation ] by adding electric field. 
[Claim 2] The aforementioned protective layer is a piezo-electric-crystal element according to claim 1 
currendy formed in the thickness of at least 400nm or more. 

[Claim 3] The piezo-electric-crystal element characterized by forming the substrate which is the 
installation side which forms a piezo-electric-crystal element m the piezo-electnc-crystal element 
constituted possible [ deformation ] by adding electric field with the material containing palladium. 
[Claim 4] The content of the aforementioned palladium is a piezo-electric-crystal element according to 
claim 1 to 3 set as die range of 30Wt% or 100Wt(s)%. 

[Claim 5] The aforementioned piezo-electric-crystal element is a piezo-electric-crystal element given in 
any 1 term of the claim 1 equipped with the basic layer for forming seed crystal formed on the 
aforementioned installation side, and the piezo-electric-crystal layer formed on the aforementioned basic 
layer, or a claim 4. 

[Claim 6] The substrate which equipped any 1 term with the piezo-electric-crystal element of a 
publication among the claim 1 or the claim 5, and was equipped with the aforementioned installation 
side is an ink-jet formula recording head characterized by preparing the cavity for being filled up with ink 
in the field of the opposite side of the installation side concerned which forms the aforementioned 

piezo-electric-crystal element. 

[Claim 7] The printer characterized by havmg an kik-jet formula recording head according to claim 6 as 
an ink regurgitation means. 

[Claim 8] The manufacture method of the piezo-electric-crystal element characterized by forming a 
protective layer in the installation side of the side which forms the piezo-electric-crystal element of a 
substrate by electrocasting using the material containing paUadium in the manufacture method of the 
piezo-electric-crystal element constituted possible [ deformation ] by adding electric field. 
[Claim 9] The manufacture method of the piezo-electric-crystal element characterized by forming the 
substrate for forming a piezo-electric-crystal element by electrocasting using the material containing 
palladium in the manufacture method of the piezo-electric-crystal element constituted possible 
[ deformation ] by adding electric field. 

[Claim 10] The manufacture method of an ink- jet formula recording head equipped with a piezo-electric- 
crystal element characterized by providing the following. The process which forms the cavity for being 
filled up with ink in the field of the opposite side of the installation side which forms a piezo-electric- 
crystal element among substrates. The process which forms a protective layer in both sides of the 
aforementioned aforementioned substrate by electrocasting using the material containing palladium, and 
the process which forms the aforementioned piezo-electric-crystal element by the hydrothermal 
crystallization method on the protective layer formed on the aforementioned installation side. 
[Claim 1 1] The manufacture method of an ink-jet formvila recording head equipped with a piezo-electric- 
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crystal element characterized by providing the following. The process which forms a substrate by 
electrocasting using the material containing palladium. The process which forms the cavity for being 
filled up with ink in the field of the opposite side of the installation side which forms a piezo-electric- 
crystal element among the aforementioned substrates, and the process which forms the aforementioned 
piezo-electric-crystal element by the hydro thermal crystallization method on the protective layer formed 
on the aforementioned installation side. 



[Translation done.] 
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DETAILED DESCia^ 

[Detailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] this iavention relates to improvement of the piezo- 
electric-crystal element which can raise the reliability of a piezo-electric-crystal element, and its 
manufacture method, when starting a piezo-electdc-crystal element equipped with an electric machine 
conversion function and crystallizing a piezo-electric-crystal element especially using a hydrothermal 
crystallization method. 
[0002] 

[Description of the Prior Art] A piezo-electric-crystai element has various applicable fields until it results 
[ from an electronic device ] in an ink-jet formula recording head. A hydrothermal crystallization method 
is effective considering a piezo-electric-crystal element as a method of manufacturing at low temperature. 
This process grows up the crystal of a piezo-electric-crystal layer into front faces, such as titanium, in the 
solution with which metals, such as PZT (PZT), were contained. 

[0003] Patterning of the ritaniimi layer is carried out on metal substrates, such as stainless steel, and 
invention which forms a piezo-electric-crystal element by the hydrothermal crystallization method on it 
is indicated as an example 1 by JP,8-306980,A. Moreover, a protective layer is prepared with material, 
such as platin\mi, gold, iridivim, and Teflon, on the substrate formed by titanium, and after only the field 
which forms a piezo-electric-crystal element prepares an aperture in the protective layer, invention which 
forms a piezo-electdc-crystal layer by the hydrothermal crystallization method on the aperture is 
indicated as an example 2. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there was un-arranging in invention given in the 
above-mentioned official report in practice. In the example 1, although hydrothermal synthesis was 
carried out where a metal is exposed, when the solution for direct hydrothermal synthesis touched the 
cheap metal substrate, there was un-arranging [ that substrate configurations, such as a cavity, will 
collapse ]. In the example 2, since the protective layer was prepared, while pervasion of a cavity was 
prevented, since the adhesion of a protective layer and the substrate itself was bad, ablation of a 
protective layer etc. arose by secular change, and there was un-arranging [ that the reliability of a piezo- 
electric-crystal element fell ]. 

[0005] Then, the invention in this application was carried out in view of the above-mentioned trouble, 
and aims at offering the ink-jet formula recording head and printer using a cheaply reliable piezo-electric- 
crystal element and it. 
[0006] 

[Means for Solving the Problem] The piezo-electric-crystal element of this invention is a piezo-electric- 
crystal element characterized by forming the protective layer which contains paUadiimi at least in the 
installation side which forms a piezo-electric-crystal element in the piezo-electric-crystal element 
constituted possible [ deformation ] by adding electric field. Palladium protects a substrate from 
pervasion enough in the process of hydrothermal synthesis, while a metal and adhesion, such as nickel, 
are high. When a piezo-electric-crystal element is created using a substrate equipped with this protective 
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layer, a problem on which a substxate is r.ot eaten away but a protective layer exfoHates is not produced, 

c ^ 1 it .^Hp^irable to be formed in the thickness of at least 400nm or 

[0007] Here, as for a protecUve ^^^^'^^^^^f^be pr^^^^^^^^ thmner than this thickness. 

jr::^* ^etr2. toV^sSg . ,he ^^^^^^^ 

head chitactenzed by ptcpatmg the cavity foi being "^'^ "P Moreover die object of this 

die instaMuon side "--^ ^ g' ^ S e'":^.^:^ ^ " an'in. means. 

[00121 aus mvennon 15 :„„j,.ri„„ .jde of die side which forms die piezo-electnc-crystal 

fonning » protective layer m the "3°°° containing palladium in die manufacture 

^°tenut r.;pHed whenlt changes die main par. of a subs^te wid. dae material of a pro.ec«ve 

Moreover, th^—^^^^ 
char.cten.ed ^^Sl £ die manutrctur. mediod of die piezo-electric-crystal element 

r&SXosl™Sr^n , by adding electnc fidd. Ihis mvendon . effecdve when not 

preparing a protective layer. formula recording head that this mvention is equipped 

[0014] In the manufacture -thod ofa^^ "tTesswSl forms thf cavity for being fflled up with mk in 
S^XT—:^^^^^^^^^ which forms a pielelectnc^crystal element among 

- ibst^^s R i rrnuLture method of the ink-jet formula recording head charactenzed by having 
substrates, it me man ^ substrate by electrocasting using the 

method on the protective layer formed on the installation side. 

^Embodiments of die Invenuonl Next, the gestalt of operation of this invenuon is explained, referring to 
lomTTopetation gestalt 1) T^e operation gestalt 1 of this invention is rek^^^ 
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recording head and a printer equipped with the piezo-electnc-crystal element equipped with die 
protective layer with sufficient adhesion with a substrate, and it. The cross section which explains the 
fayer structure at die tune of cutting the mk-,et formula recording head of dus operation gestalt 1 m 
respect of a cavity being included to drawing 1 is shown. As dus mk-jet formula recordnig head is shown 
in drawing 1 , die piezo-electric-crystai dun film 40 is formed on die substrate 30. 

moW^strate 30 forms a cavity (pressure room) 21 m what electroformed die predetermined metal, 
for example mckel. You may use die copper often used for electrocastmg other dian mckel, and die 
^etSoTchromium and odiers. A metal is used because it is possible to cut down the cost of matenals 

Moreover, you may use polymeric-matenals casts, such as ceramics and silicon, die poly ape 
fhon etc as a substrate. The protective layer 31 by diis invention is formed m die substtate firont face. 

proactive layer 31 is formed widi die material containing paUadium as a matenal whidi can prevent 
die metal of a substrate from pervasion. The content of palladium is set as die range of 30Wt /o or 
ToOWt In a content fewer than dus, it is because it becomes impossible to achieve die function of 

nt otecSrWhen paUadium is included in part, it is formed widi an alloy with a predetermmed 
me^ for exLple an alloy widi mckel. Thickness of a protective layer 31 is set to 400mn or mote. It is 
Z^iel beZie; imposLe to achieve die funcuon as a protective layer by die duckness not more 

So?9fie piezo-electric-crystal element 40 is equipped widi die basic layer 41, die piezo-electric-crysul 

kver L and "e up electrode layer 43 sequentially from die installation side top. The basic layer 41 is a 
^yer 42, ana me p y ^^^^^^ ^ p^^^^. 

Sc ItJw ^^^^^^ P--«^g ^^^"^^ " configurauon 

SaTfe;? kcm "c'rystal elemint formation field. The pie.o-electnc-crystal layer 42 - the c^^tal of the 
lovsHte st^cSre which consists of ferroelectncity ceramic material, such as PZT which shows an 
Sct^tacS^e conversion operation. The piezo-electnc-crystal layer concerned is ^^^^ ^P^^ j^^^^ 
hXdirrmal crystallization mediod from die seed crystal formed on the basic layer 41 of die pro^ss 
hydromermai cryb ^^^rtr^r rrvstal laver ferroelectricity piezoelectric material, such as titamc- 

nienuoned late. As a p^zo^el^^^^^ oxidl'such as a mobium oxide, nickel oxide 

acid lead zirconate (JZT), the ^SJ^ Specifically, a lead titanate (PbTi03), titamc-aad 

or a magnesium oxide, to Jj^^"; ™ ^ , leai-Utanate landianum (Pb, La) (Ti03), 

lead zirconate (P^CZr, Ti) 03) ^u:co^^^ ^^^^ ^^^^^^ ^p^^^^^^ 

M^^t'o^.ntl^^^^^^ the piezo-electoc-crystal layer 42, it forms in die 

^dSholiXw'n duckness to the grade ^ ^ ^ 

tm^Xs.:^^^^^^ the ink-,et formula recordmg head of d.s invention is e^lained. 

[0021] The cavity (P-^J'^^^^°°^) ' dTea^^l 21 IL a substrate 30 by electrocasting, it is 

r^fZT~ strfdt f der t^Tai out\e regur^tation of die ink etc. T^e side 

Ir^ieTt wXSi: Lred so diat It may .vide 

for filling ink to each ca.^ Z^,::Z:2J1^X :^^^^ ^ °^ ■ 

[ mtroduction of mk ] from die reservoir 24^A c J piezo-electric-crystal element 40 is 

r"it 'ZT;^i:~ oru:t o^t^t TuLI. pmchL widi diis ca^t, and the ^ezo- 

^ . .- 8/14/03 
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possible to form the ink tank mouth 31 and to lead the ink stored in a substrate 30 from the ink tank 
which is not illustrated at a part of substrate 30. 

[0022] A nozzle plate 10 is stuck on one field of a substrate 30 so that the nozzle 11 may be arranged in 
the position corresponding to each of the cavity 21 prepared in the substrate 30. 
[0023] In the composition of the above-mentioned ink-jet formula recording head 1, if voltage is 
impressed to inter-electrode and the piezo-electric-crystal thin film 40 is distorted, the diaphragm portion 
of a substrate 30 will deform corresponding to the distortion. The ink in a cavity 21 can apply a pressure 
by the deformation, and it is made to breathe out from a nozzle 1 1 . 

[0024] The perspective diagram of die printer which equipped drawing 6 with the above-mentioned ink- 
jet formula recording head 1 as an ink regurgitation means is shown. As this printer 100 is shown in 
drawing 6 , the tray 3, the exhaust port 4, etc. are formed in the main part 2 of a printer. The iak-jet 
formula recording head 1 of this invention is built in the interior of a main part 2. To the form 5 
supplied firom the tray 3 by the form feeder style which is not illustrated, the main part 2 arranges the 
ink-jet formula recording head 1 so that both-way operation which crosses a it top may be possible. The 
exhaust port 4 is the outlet which can discharge the form 5 which printing ended. 
[0025] (The manufacture method) Next, based on drawing 2 , the manufacture method of an ink-jet 
formula recording head including the manufacture method of the piezo-electric-crystal element of this 
invention is explained. I 3rnwing 2 is a manufacturing process cross section at the time of seeing from the 
A- A cutting plane of drawing 4 . 

[0026] Substrate formation process ( d rawing 2 (a)) : A substrate formation process is a process which 
forms a substrate 30 by electrocasting. Moreover, the configuration which is equivalent to a cavity 21 at 
this process is also formed simultaneously. The nickel electro forming usually used is used for this 
electrocasting. 

[0027] Protective-layer formation process ( drawing 2 (b)) : A protective-layer formation process is a 
process which forms a protective layer 50 by the matenal containing palladium on a substrate 30. The 
substrate which is a base material is elecuoformed in the metal saltimg-in Hquid with which the metal salt 
or nickel, and palladium in which pure palladium was contained were contained. Thereby, palladium or 
the alloy with which palladium was contained in part is electrodeposited by the substrate front face 
100%. Thickness of a protective layer 31 is set to 400nm or more. This protective layer prevents seed 
crystal from being formed [ of PZT mentioned later ], and also plays the role which protects a substrate 
from pervasion in process of hydro thermal synthesis. 

[0028] Basic stratification process ( drawing 2 (c)) : A basic stratification process is a process which forms 
the basic layer 41 which consists oiF titani\im on a protective layer 31. It forms in the thickness of about 
0.5-1 micrometer, using a spatter, a vacuum deposition method, etc, as a method of forming the basic 
layer 41. And it leaves only the field corresponding to the cavity 21 as a pattern to the configuration of a 
piezo-electric-crystal element by the photoHthography method. The mixed liquor of hydrogen peroxide 
solution and ammonia is used for etchmg. 

[0029] Seed crystal formation process ( drawing 2 (d)) : A seed crystal formation process is a process 
which forms the seed crystal which should serve as a nucleus of the crysul growth of a piezo-electric- 
crystal layer on the basic layer 41. The reaction mixture which first mixed lead-nitrate (Pb2 (N03)) 
solution, zicconium-oxychloride (ZrOC12) solution, titanium-tetrachloride (TiC14) solution, and 
potassium-hydroxide soluuon (KOH), and was adjusted is manufactured. And the aforementioned 
substrate is immersed into this reaction mixmre, and hydrothermal processing is carried out at 
predetermined temperature, for example, 140 degrees C. By this processing, the soxirce of Ti eluted from 
a basic film, and the source of Pb in reaction mixmre and the source of Zr react, and the seed crystal 44 
of PZT is formed in the front face of a basic layer by the thickness of about 0.1 micrometers. 
[0030] Piezo-electric-crystal stratification process ( drawing 2 (e)) : A piezo-electric-crystal stratification 
process is a process into which the crystal of PZT is grown up from the above-mentioned seed crystal 44 
by the hydrothermal crystallization method. What mixed lead-nitrate (Pb2 (N03)) solution, zirconium- 
oxychloride (ZrOC12) solution, titanium-tedrachlonde (TiC14) solution, and potassium-hydroxide 
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solution (KOH) solution is fkst used as a reaction solution. Subsequentiy, the substrate 30 in which seed 

44 was formed is suppKed in dus reaction mixture, and hydrodiermal syndiesis processing is 
p^ormed at about 150 degrees C for about 12 hours. In this hydrothermal processing, the crystal 
l^cZ of a piezo-electric-crystal layer grows up to be only the upper part of the basic 1^7- 41 which 
L^formed seed crystal, and a piezo-electric-crystal layer is not formed on die protective layer 31 in 

ch^ed crystal does not exist For this reason, die piezo-electnc-crystal layer 42 of fixed thickness 
rabout 5 micrometers) is formed alternatively. . , r i • i ^ ■ ^ i 

0031 In addition, when not preparing a protective layer in die opposite side of the piezo-electnc-crystal 
element instaUation side of a substrate, m order to prevent that a nickel substrate is ea en away, it is 
nec^ss^to perform protection coating of a fluororesin etc. before hydrothermal synthesis. 
Z^On Z piezoiectnc-crystal 42, technology, such as an electron-beam-evaporation mel^od 
and a spatter, is used, and the up electrode 43 is formed. Gold, platinum, u.dium, etc. are used for the 
material of an up electrode. Thickness is set to about lOOmn. w 1 n ;= 

S033me piezo-electric-crystal element 40 is completed at die above process. If a nozzle plate 10 is 
SiTore stuck on die substrate side by die side of a cavity 21, die mk-,et formula recordmg head of 

^ u ^ for fhe oneration eestak 2 of this invention. The cross section which explains die layer 

kvt S *. abc.ve-„.nao„.d op.,ado„ g.s.l. 1 Hus .ubs-.t. 32 has *e feaB». m d.e 

Stonrc"vtL«rial, you L/prepa^ . low« d.c=ode wid, pUmu^ «c. on a 



mediod ot die above menuo ^lectric-crvstal element equipped widi die layer structure which 

consists of Pl;^^^. head was not Umited to die above-mentioned piezo jet formula mk-,et 

^ eTertS may ^equipped widi other structures. Moreover, die piezo-electnc- 
"^'^ ewtfof i^t^^^^^^^^ ^V-d for manufacmre of ferroelectric equipments such as not 

crystal element „f J,^ ^.jet formula recordmg head but a nonvolatde 

only die P'^^^-^^^'"'^'-^'^''^^^ , pyroelectncity detector, a sensor, a surface-acousUc-wave 

™ aTa-pdS modulatol . ^equency doubler for diode lasers, etc.. 
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a dielectric device, pyroelectricitv^ equipment, piezo-electric equipment, and electro-optics equipment. 
[0038] 

[Effect of the Invention] Since the adhesion of die protective layer and substrate which protect a 
substrate is high according to this invention, it is possible to offer a cheaply reliable piezo-electric-crystal 
element, an ink-jet formula recording head, and a printer. 

[0039] Moreover, since the material which has the resistance over an alkali solution in the substrate itself 
was used according to this invention, it is possible to offer a reliable piezo-electric-crystal element, an 
ink-jet formula recording head, and a printer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This dociament has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be U'anslated. 
3.1a the drawings, any words are not aanslated. 



DESCRIPTION OF DRAWINGS 

[Brief Descnption of die Drawings] 

{Drawing 1) It is the cross section of the piezo-electric- crystal element of the operation gestalt 1. 
[Drawing 2) It is the manufacturing process cross section of the ink-jet formula recording head of the 
operation gestalt 1 . 

[Drawing 3] It is the cross section of the piezo-electric-crystal element of the operation gestalt 2. 
[Drawing 4] the principal part perspective diagram of the ink-jet formula recording head concerning this 
invention — it is a cross section in part 

[Drawing 5] It is the decomposition perspective diagram of the ink-jet formula recording head 
concerning this invention. 

[Drawing 6) It is the perspective diagram of the printer which used the ink-jet formula recording head 
concerning this invention. 
[Description of Notations] 

30 32 [ — A piezo-electric-crystal element, 41 / — Basic layer ] — A substrate, 31 — A protective layer, 40 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dsuiiages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[Drawing 51 
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